ABSTRACT: In 2011, the course Introductory Project in Electrical Engineering took place for the first time at the Department of Electrical Engineering of the Technion -Israel Institute of Technology. The course was devised to expose sophomore students to the discipline of electrical engineering and improve their systems thinking skills. The core of the course was a design project of a window cleaning robot. This task was carried out by teams of five students, with personal instruction by a mentor, a senior engineer in the Department. The present research, which used quantitative tools alongside qualitative ones, indicates significant improvement in systems thinking skills of students who took the course.
INTRODUCTION
The course Introductory Project in Electrical Engineering was devised to expose sophomore students to the discipline of electrical engineering and improve their systems thinking skills. This type of thinking is necessary for engineers in general and electrical engineers in particular, in view of the inter-disciplinary character of the profession. The course took place for the first time at the Department of Electrical Engineering of the Technion -Israel Institute of Technology in 2011. The core of the course was a design project of a window cleaning robot. This task was carried out by teams of five students, with personal instruction by a mentor, a senior engineer in the Department.
Introductory courses with similar objectives are offered by universities to first and second year electrical engineering students [1] [2] [3] and mechanical engineering students [4] . Literature reports that such courses have managed to improve students' comprehension regarding the areas included in the discipline [1] and improve their systems thinking skills [4] .
The study described below examines changes in students' systems thinking skills following their participation in the course. Unlike the above studies that took the constructivistqualitative approach, the present research is a mixed method study using quantitative instruments alongside qualitative ones.
THEORETICAL BACKGROUND

Systems Thinking
Systems thinking provides a framework for observing interaction between the system's different components [5] . Contrary to traditional thinking, based on the reduction approach -whereby in order to understand a system one can suffice with reducing it into its components and understanding each of them separately -systems thinking argues studying the properties of system components alone is not enough, but one must also learn the interaction between the different components [6] . Such thinking is required nowadays in view of the fact that technological systems are becoming more complex and interdisciplinary than before.
According to [7] [8] [9] , the prominent features of systems thinking skills are:
• Seeing the entire system beyond its components.
• Understanding the interaction between the system's components.
• Understanding system function without requiring all the details.
• Ability to find analogies between systems.
• Comprehending the synergy within the system.
• Observing the system from several different perspectives.
• Ability to consider non-engineering aspects (e.g. financial, marketing, organizational, etc.).
Project Based Learning
Project based learning is learning in which students are involved in executing a project [10] . During this type of learning, students experience design, problem solving, decision making and investigative activities. The students have an opportunity to work in relative independence for lengthy periods of time and learning ends in building an actual or virtual product [11] .
Grant [12] identifies several joint components of project based learning:
• Introduction -the introduction introduces the activities and contributes to the students' motivation.
• Task -the task should be challenging, but within the students' reach.
• Resources -resources, including content experts and written or online databases, are at the students' disposal and assist them in their task.
• Inquiry process -the inquiry process the students undergo involves high-order thinking skills.
• Guidance -guidance is provided by the teacher and experts.
• Teamwork -learning is carried out in teams to promote cooperation.
• Reflection -the reflection takes place at the end of the learning process and offers an opportunity for closure and debriefing.
From the cognitive aspect, project based learning improves students' systems thinking skills [13] , while from the social aspect, learning of this type enables experiencing teamwork that is vital for success in the real world [14] .
DESCRIPTION OF THE COURSE
The course Introductory Project in Electrical Engineering that took place for the first time in the winter semester of 2011, was comprised of one two-hour weekly meeting and awarded the students with one credit. The course was based on the books Creative Problem Solving and Engineering Design [15] and Thinking Like an Engineer: An Active Learning Approach [16] .
The course was divided into two equal parts. The first half of the course included lectures and instruction that provided the students with the tools they would use throughout the course, particularly in the second half that focused on carrying out a design project. The opening lecture compared science and engineering, described prominent engineering achievements through history, named the Draper Prize winners and presented the great engineering challenges of the 21 st century. Additionally, it specified the abilities required of an engineer, including teamwork. In the second meeting, major engineering databases and popular search engines were reviewed, and training was provided on efficient search of these information sources and how to build an effective presentation. In the third lesson, an overview of the various topics of electrical engineering was provided. At the end of the meeting, the students were requested to prepare, based on search of databases, presentations that include profound reviews of a particular teaching and research topic at the Technion's Department of Electrical Engineering, comparing it to leading departments around the world. This task was carried out by teams of five students, with personal instruction by a mentor, a senior engineer in the Department. In the fourth session, every team presented its work to their colleagues and the course teachers. The next two meetings focused on the engineering approach to problem solving. After a short discussion of mathematical and scientific problems, the engineering approach to problem solving was presented, including the following stages: defining the problem, collecting data, examining alternatives, making a decision, detailed design, examining the proposed solution and documenting the above process. This approach was demonstrated using the wellknown travelling salesman problem. The seventh session was dedicated to a discussion of systems thinking. The concept of system was introduced and the characteristics of systems thinking were presented. A weekly syllabus of the introductory lectures and accompanying tasks is specified in Table 1 .
As mentioned, the core of the course was a design project carried out in teams counseled by mentors from the eighth week of the semester. The project dealt with designing a window cleaning robot. The project opened with an introductory lecture about robotics and presentation of design stages on a weekly basis. Each week dealt with one of the following focused subjects: defining the robot's structure and movement (week 8), physical design (week 9), block diagram, (week 10), integrating sensors (week 11), selecting microcontrollers and drivers (week 12), and navigation algorithms (week 13). Additional details in Table 1 . Every stage opened with a review of the design subject at hand and at the end the students received a task they were requested to complete using the engineering approach to problem solving taught in the first part of the course. On the final week (week 14) every team presented the design of its robot to their colleagues and the teaching staff.
In carrying out the different tasks, the students used tools acquired in the introduction lectures. Beyond ongoing application of the engineering approach to problem solving described above, the students examined alternatives for their robot and selected the different components (motors, energy sources, sensors, microcontrollers and drivers) after carrying out a comprehensive search through online databases. Additionally, the block diagram of the robot was based on the lecture on systems thinking and the final presentation was built and displayed based on the principles taught during the relevant lesson. 
METHODOLOGY
The research goal was to characterize changes in students' systems thinking skills following their participation in the course Introductory Project in Electrical Engineering. The study population comprised 25 students in their third semester of studies for an undergraduate degree at the Technion's Department of Electrical Engineering who chose to take the course in the winter semester of 2011. These students, used as the experimental group, were requested to fill out an anonymous questionnaire at the beginning and end of the course. The questionnaire was designed to characterize the students' systems thinking skills. Furthermore, at the end of the course, five semi-structured interviews were carried out with students in order to complete the information received from the questionnaires. In addition, 30 undergraduate electrical engineering students in their third semester of studies who did not participate in the course took part in the study. These students, compromising the control group, were asked to fill out the questionnaire at the beginning and end of the semester.
The questionnaire that characterized systems thinking skills is a Likert-like questionnaire based on the systems thinking assessment questionnaire (CEST) developed by [17] . The questionnaire includes 20 statements that reflect the characteristics of systems thinking specified in the theoretical section, including: "When I am responsible for a product, it is important for me to see how it functions as a part of the system" or "When I am involved as an engineer in an engineering project, it is important for me to be familiar with the financial aspects of the project". The statements were validated by two experts on education in electrical engineering. Cronbach's alpha was found equal to 0.80, indicating a good level of internal consistency. Figure 1 displays the experimental group members' mean systems thinking score (ranging between 20 and 100) on the pretest, completed at the beginning of the course, and the posttest, completed at the end. The chart shows systems thinking skills improved from a mean score of 74.32 to 82.51. Table 2 specifies the systems thinking score (mean M and standard deviation SD) of the experimental and control groups. The t-test shows no significant difference between the pretest score of the experimental group and that of the control group. However, there is a significant difference (P<0.01) between the posttest score of the experimental group and the posttest score of the control group. Quotes from students' interviews show that during the course they began to assume some of the systems thinking characteristics proposed by [7] [8] [9] 
FINDINGS
CONCLUSIONS
The study indicates significant improvement in the systems thinking skills of the students who took the course as they began to assimilate some of the systems thinking characteristics proposed by [7] [8] [9] . This result conforms to the findings of [4, 13] that showed project-based learning improves systems thinking skills.
